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Abstract 

Background: Health behaviours do not occur in isolation. Rather they cluster together. It is important to examine 
patterns of health behaviours to inform a more holistic approach to health in both health promotion and illness 
prevention strategies. Examination of patterns is also important because of the increased risk of mortality, 
morbidity and synergistic effects of health behaviours. This study examines the clustering of health behaviours in a 
nationally representative sample of Irish adults and explores the association of these clusters with mental health, 
self-rated health and quality of life. 

Methods: TwoStep Cluster analysis using SPSS was carried out on the SLAN 2007 data (national Survey of Lifestyle, 
Attitudes and Nutrition, n = 10,364; response rate =62%; food frequency n = 9,223; cluster analysis n = 7,350). 
Patterns of smoking, drinking alcohol, physical activity and diet were considered. Associations with positive and 
negative mental health, quality of life and self-rated health were assessed. 

Results: Six health behaviour clusters were identified: Former Smokers, 21.3% (n = 1,564), Temperate, 14.6% (n = 
1,075), Physically Inactive, 17.8% (n = 1,310), Healthy Lifestyle, 9.3% (n = 681), Multiple Risk Factor, 17% (n = 1248), 
and Mixed Lifestyle, 20% (n = 1,472). Cluster profiles varied with men aged 18-29 years, in the lower social classes 
most likely to adopt unhealthy behaviour patterns. In contrast, women from the higher social classes and aged 65 
years and over were most likely to be in the Healthy Lifestyle cluster. Having healthier patterns of behaviour was 
associated with positive lower levels of psychological distress and higher levels of energy vitality. 

Conclusion: The current study identifies discernible patterns of lifestyle behaviours in the Irish population which 
are similar to those of our European counterparts. Healthier clusters (Former Smokers, Temperate and Healthy 
Lifestyle) reported higher levels of energy vitality, lower levels of psychological distress, better self-rated health and 
better quality of life. In contrast, those in the Multiple Risk Factor cluster had the lowest levels of energy and 
vitality and the highest levels of psychological distress. Identification of these discernible patterns because of their 
relationship with mortality, morbidity and longevity is important for identifying national and international health 
behaviour patterns. 



Background 

It is well established that modification health related 
behaviours, can reduce mortality rates for all sections of 
the population [1]. While studies have documented the 
role of the 'big four' modifiable health behaviours (smok- 
ing, diet/nutrition, physical activity and alcohol con- 
sumption) separately in developing chronic illnesses, it is 
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essential to consider patterns of health-related behaviours 
[2,3]. If a pattern of health behaviours is more prevalent 
than would be expected on the basis of marginal preva- 
lence rates, the result is a cluster of health behaviours [4] . 
It has been found that while individual health behaviour 
patterns among Europeans have converged over time, 
reliable data on health-related risk factors is lacking to 
enable further international comparisons [5] . An explora- 
tion of clustering of health-related behaviours in a 
national population can contribute to planning of 
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prevention and intervention strategies not only in 
national populations but also across Europe [4,6,7]. 

To date, studies identifying clusters in national popula- 
tions across age groups have been limited [4,6,8], with 
studies focusing on either old [7] or young population 
samples [9]. A German study (n = 2,002) identified five 
homogenous clusters in the older population. One cluster 
was seen to represent an "ideal" health-related behaviour 
pattern; two clusters were smokers with problematic 
drinking patterns who had other unhealthy behaviours; 
and two clusters had a mix of healthy and unhealthy 
behaviours [10]. A Dutch study (n = 4,395) investigated 
the clustering of health-compromising and delinquent 
behaviours in adults and adolescents. It found that clus- 
ters differed between age group, with two clusters (Alco- 
hol and Delinquency) for young adolescents and three 
clusters (Alcohol, Delinquency and Health) for older ado- 
lescents and adults [9]. 

Associations between clusters and mental health and 
other health outcomes have been found [11,12]. Health 
risk behaviours tend to co-occur in the population more 
frequently in those who are depressed. A French study 
(n = 17,355) found that those who were depressed were 
more likely to be daily smokers, have low fruit and vege- 
table intake and be cumulative risk takers [11]. On the 
other hand, co-occurrence of multiple healthy behaviours 
or protective health-related behaviours (being physically 
active, consuming five or more fruit and vegetable ser- 
vings daily, being a non-smoker and moderate drinker) 
was associated with positive mental health, better self- 
rated health and healthier body weight [12]. 

Clusters of health behaviours are not randomly distrib- 
uted in populations. Having multiple risk factors has 
been found to be more prevalent amongst women [8]. 
Clustering of health behaviours has also been found to be 
more pronounced at both ends of the spectrum, with 
more people than expected having all or none of the life- 
style risk factors. Chronic illnesses which are related to 
unhealthy clusters are documented as disproportionately 
represented in the lower social classes [8,13]. The cluster- 
ing of unhealthy behaviours has also been found to have 
synergistic effects, which means that a combination of 
health behaviours is more detrimental to health than 
would be expected from the added individual effects of 
health behaviours, and this impacts on longevity [14,15]. 
Those with four risky health behaviours (smoking, exces- 
sive alcohol consumption, poor diet/nutrition and physi- 
cal inactivity) have been found to die on average fourteen 
years younger than peers without these health behaviours 
[16]. 

Despite the identification of discernible patterns [4,6,8], 
related health outcomes and possible synergistic effects, 
many public health intervention strategies still focus on 
health behaviours in isolation. This approach while 



perhaps practical does not give adequate consideration to 
the fact that health behaviours do not occur in isolation 
but rather patterns of health behaviours exist. Similar to 
the proposed approach, the World Health Organization 
(WHO) has adopted a holistic approach to health which 
emphasises prevention by tackling combinations of modi- 
fiable risk factors. 

As a result of the increased risk of synergistic effects, 
mortality and morbidity, examination of the clustering of 
health behaviours is important to support a more holistic 
approach to health in both health promotion and illness 
prevention strategies. International evidence indicates 
that health behaviours cluster and this indicates that a 
more integrated approach is required. This study estab- 
lishes whether similar clusters of behaviours are identifi- 
able in Ireland, and this information will inform the 
planning of prevention and intervention strategies not 
only in Ireland but also across Europe [4,6,7] This study 
aimed to identify how key health-related behaviours 
(physical activity, smoking, alcohol consumption and 
diet/nutrition) are distributed in a national population 
and to examine how these clusters compare to the find- 
ings of other studies. Furthermore, the study explored 
the relationship between the clusters and mental health, 
self-rated health and quality of life. This is the first study 
in the Irish context to identify clusters of behaviours and 
their relationship with mental health in a nationally 
representative sample. 

Methods 

General study design 

As part of the third national Survey of Lifestyle, Atti- 
tudes and Nutrition 2007 (SLANT) in Ireland, respon- 
dents were asked about their physical activity levels, 
alcohol consumption, smoking and diet/nutrition 
[17-19]. The GeoDirectory, which distinguishes between 
residential and commercial establishments of all 
addresses in the Republic of Ireland, was used as the 
sampling frame. The sample was a multi-stage probabil- 
ity sample, so each dwelling has a known probability of 
selection. It provided a cross-sectional, nationally repre- 
sentative sample of adults aged 18 years and over (n = 
10,364 response rate: 62%) [18]. Full details on the sam- 
pling frame are available elsewhere [18]. A Willett Food 
Frequency Questionnaire was completed by 9,223 
respondents [20]. As per the International Physical 
Activity Questionnaire (IPAQ) guidelines, extreme 
IPAQ values were removed from the dataset[21]. There- 
fore, for the purposes of the cluster analysis, there were 
7,350 participants who had valid responses for the 
smoking, diet, physical activity and alcohol consumption 
questions. Weighting is not recommended for multivari- 
ate or cluster analysis, thus the unweighted percentages 
are reported. 
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Variables 

Physical Activity The International Physical Activity 
Questionnaire,(IPAQ) short form [21] was used to mea- 
sure levels of physical activity, and responses were mea- 
sured using the November 2005 scoring protocol [22]. 
IPAQ scoring provides continuous MET scores which 
can be classified into categories. In line with the Novem- 
ber scoring protocol, participants were classified as fol- 
lows: Low (little or no physical activity); Moderate (5 or 
more days of moderate intensity activity and/or walking 
of at least 30 minutes per day or specified equivalent, 
accumulating a minimum of 600 MET minutes/week); 
High (vigorous-intensity activity on at least 3 days and 
accumulating at least 1500 MET minutes/week or speci- 
fied equivalent. 

The IPAQ has been found to be a reliable measure 
which has been validated in a number of countries 
[22,23]. 

Alcohol Consumption Drinking patterns were screened 
using the Alcohol Use Disorders Identification Test- 
Consumption (AUDIT-C)[24]. The AUDIT C has been 
widely used to assess drinking patterns [25,26] and in 
population studies [27,28]. Scores range from 0-12 where 
0 indicates a non-drinker [29]. The cut-off point for 
moderate drinking adopted in this study was 5, which is 
in line with other European studies [30,31]. Respondents 
were classified using four categories: 0 (non-drinkers) 
and 1-5 (moderate drinking). Hazardous drinking pat- 
terns were classified as 6-8 (hazardous drinking) or 9-12 
(very hazardous drinking) 

Smoking Respondents were asked if they smoked every 
day, some days or not at all and were then categorised 
as former, never or current smokers. Being a smoker 
was defined as 'having smoked at least 100 cigarettes 
during my lifetime'. 'Former smokers' were current non- 
smokers who had smoked at least 100 cigarettes in the 
past. 

Diet Diet was assessed with a Food Frequency Question- 
naire (FFQ). This assesses the overall diet and included 
150 food items arranged into the main food groups con- 
sumed in the Irish diet [20]. Respondents were then cate- 
gorised according to their compliance with the Dietary 
Approaches to Stop Hypertension (DASH) advice: low 
salt intake, consumption of fruit and vegetables, and con- 
sumption of low fat dairy products. This diet has been 
shown to lower blood pressure and reduce cholesterol. 
The National Heart, Lung and Blood Institute promote 
DASH for treating hypertension, and it is promoted in 
the 2005 Dietary Guidelines for Americans [32]. Indivi- 
duals' DASH score was ranked from 1-5 (1 = Poor, 2 = 
Fair, 3 = Good, 4 = Very good, 5 = Excellent). 
Self-rated health Self-rated health was measured using a 
single item. Respondents rated their overall health on a 



scale from 'excellent' to 'poor'. A single question on self- 
rated health is a valid and widely used measurement in 
European and International studies [33,34]. It is an estab- 
lished indicator of general health status and all-cause 
early mortality [35]. 

Quality of life A question on quality of life, from the 
WHO's Quality of Life Survey [36] which has been used 
in several population studies [17-19], was used as an indi- 
cator of subjective well-being. This indicator is recom- 
mended when only a single question is used to assess 
quality of life (Power, 2003). Respondents were asked to 
rate their quality of life on a 5-point scale from 'very 
poor' (1) to 'very good' (5). 

Mental Health Positive and negative mental health was 
assessed using two subscales - Energy and Vitality (EVI) 
and Mental Health Index-5 (MHI-5) from the valid and 
reliable RAND SF36 [37-39]. The EVI measures both the 
occurrence and level of energy and vitality in the last 
month [39]. Respondents were asked to respond on a 6 
category scale, going from All of the time' to 'None of 
the time' to 4 questions about affective aspects of their 
well being in the past month. Responses are presented as 
a sum score ranging from 0 to 100, with high scores indi- 
cating higher levels of energy and vitality [40,41]. The 5- 
item Mental Health Index-5 (MHI-5) measures levels of 
psychological distress during the last month. Responses 
are presented as a sum score ranging from 0 to 100, with 
low scores indicating higher levels of psychological dis- 
tress [40,41]. To assist with the interpretation of regres- 
sion coefficients both of these variables were rescaled by 
dividing by their inter-quartile range [42]. Rescaling has 
absolutely no effect on the magnitude of observed rela- 
tionship, merely makes regression relationships easier to 
communicate. 

Social Class Social class was coded using the Irish 
Social Class schema. Individuals were categorised into 
groups based on similar levels of skill ranging from 1 
(highest) to 7 (lowest). Individuals were then classified 
into six categories based on occupation category and 
employment status: SC 1-2 (professional and manage- 
rial); SC 3-4 (non-manual and skilled manual); SC 5-6 
(semi-skilled and unskilled); and 'unclassified' [18]. 

Statistical Analysis 

Data was analysed using SPSS (Version 15.0). Clusters of 
health related behaviours were identified among 7,350 
valid cases using the SPSS TwoStep Clustering algorithm. 
This algorithm is designed to efficiently handle large data- 
sets, is capable of handling both continuous and categori- 
cal variables and has features to aid in determining the 
optimal number of clusters (SPSS, 2001). A further advan- 
tage of the TwoStep Cluster analysis approach is that it 
identifies which combinations are important from the 
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many logically possible in the data and identifies the types 
empirically rather than impose them from an a priori 
scheme. 

When analysing both continuous and categorical vari- 
ables, TwoStep Clustering uses a model-based distance 
measure which defines the distance between two clus- 
ters as the corresponding decrease in log-likelihood by 
combing them together [43,44]. In the first step of the 
cluster analysis, the cases are sorted into pre-clusters. 
As SPSS examines a case it decides, based on the dis- 
tance measure, whether a new cluster should be formed 
or if the case should be added to an existing cluster. 
The advantage of pre-clustering is that it reduces the 
size of the matrix which contains the distance between 
all possible pairs of cases. The result is that the size of 
the distance matrix is now dependent on the number of 
pre-clusters as opposed to the number of cases. In the 
second step, pre clusters are clustered using a hierarchi- 
cal clustering algorithm. The Bayesian information cri- 
terion (BIC) is then used to select the "best" cluster 
solution, with smaller values of the BIC indicating better 
models. 

Naming of clusters is a subjective process and the clus- 
ters were named in a way which best represented the 
most notable findings in the data. It is argued that while 
naming the clusters makes presentation to the audience 
easier [45], it is difficult to encapsulate the level of differ- 
ence of clusters between clusters with labels. Clusters 
were assessed to determine the best possible name to 
represent the defining characteristics of individual clus- 
ters. The clusters are not intended to be represented 
along a continuum. 

A multi-nominal logistic regression was performed using 
SPSS 17.0 NOMREG procedure to predict the odd's ratios 
of cluster membership with 'healthy lifestyle' as the refer- 
ence category. Categorical demographic predictors were 
gender, social class and age. Continuous mental health 
predictors were Energy and Vitality (EVI) and Mental 
Health Index-5 (MHI-5) from RAND SF36 [37-39]. Crude 
odds ratios were calculated for all predictors. A full logistic 
regression model was then produced which included all 
predictors. Odds ratios in the full model were adjusted for 
all other variables in the model. No interaction effects 
were considered. Goodness-of-fit for the adjusted model 
was assessed using a Likelihood Ratio chi-square test. 

Results 

Sample Characteristics 

Over half of participants were women (51%). Over half 
(56%) were aged between 18 and 44 years. Social classes 
1-2 and 3-4 accounted for the majority of the sample 
(69%). Nearly one fifth were non-drinkers, almost half 
were moderate drinkers (46%) and the remainder 
reported hazardous drinking patterns. Approximately 



half of participants were never smokers. Overall activity 
levels were moderate, (48%), with over one fifth report- 
ing high activity levels (24%). After IPAQ scores were 
treating using the data processing guideline, the mean 
IPAQ score for the participants was 1,5713.4 and the 
maximum score was 14,940. Almost half reported a 
poor or fair diet (48%) and the remainder reported 
good, very good or excellent diet (see Table 1). 

Two Step Cluster analysis identified six distinct cluster 
groups with homogenous patterns of health-related beha- 
viours. Of the 7,350 participants, 21% (n = 1564) were 
classified as Former Smokers, 15% (n = 1,075) as Tempe- 
rate, 18% (n = 1310) as Physically Inactive, 9% (n = 681) 
as Healthy Lifestyle, 17% (n = 1,248) as Multiple Risk 
Factor and 20% (n = 1,472) as a Mixed Lifestyle. 

Cluster Profiles: Description, socio-demographic profile, 
mental health and well being 

This section will detail the characteristics of each cluster 
and identify the specific group of people who were most 
likely to be in particular cluster. Table 2), the Healthy 
Lifestyle cluster was identified as the reference category. 
See Additional File 1. 

The Healthy Lifestyle cluster (n = 681, 9.3%) 
reported relatively high levels of physical activity (IPAQ 
= 1544.98; high), were never smokers and had an excel- 
lent diet with all members scoring a DASH diet score of 
5, representing the majority amongst the clusters. The 
majority were moderate drinkers (scoring 1-5) (67%), 
while one third were non-drinkers. Compared to the 
other clusters, individuals reported the highest levels of 
energy vitality (69.9), lowest levels of psychological dis- 
tress (84.8), highest percentage with 'excellent' or 'very 
good' health (64.7%) and 'good' or very good' quality of 
life (91.6%). Compared to the other clusters, individuals 
in the Healthy Lifestyle cluster were more likely to be 
women, aged 65 years and over in the highest social 
class and report lower psychological distress. 

The Former Smokers cluster (n = 1,564, 21%) 
accounted for 98% of former smokers in the population, 
reported the highest physical activity levels (mean IPAQ 
= 2569.74; high). Over half were moderate drinkers (scor- 
ing 1-5) and over 40% had a healthy diet. Individuals 
reported levels of energy and vitality (67.7) similar to the 
population average. Individuals reported above average 
low levels of psychological distress. (83.5). The percen- 
tage who reported 'excellent' or 'very good' health self- 
rated health and 'good or very good' quality of life was 
the same as general population proportions. Compared 
to the Healthy Lifestyle cluster, former smokers tended 
to include far more men (Adjusted OR = 3.63) and fewer 
members of the highest social class grouping (Adjusted 
OR = .71). There were no significant differences in age or 
psychological distress. 
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Table 1 Weighted Sample Characteristics 





Frequency 


Weighted % 


GENDER (n = 10,278) 


Men 


5063 


49% 


Women 


5215 


51% 


AGE (n = 10,277) 


18-29 yrs 


2588 


25% 


30-44 yrs 


3199 


31% 


45-64 yrs 


2977 


29% 


65+ 


1513 


15% 


SOCIAL CLASS (n = 10,278) 


sa-2 


3227 


31% 


SC3-4 3869 38% 


SC5-6 1649 16% 


Unclassified 


1533 


15% 


AUDIT-C (Alcohol Use Disorder Identification Test-Consumption) (n = 10, 252) 


0 (non drinkers) 1909 19% 


1-5 (moderate drinkers) 


4663 


46% 


6-8 (problematic) 


2257 


22% 


9-12 (very problematic) 


1423 


14% 


DASH (Dietary Approach To Stop Hypertension) (n = 7,429) 


1 (poor) 


1822 


25% 


2 (fair) 


1700 


23% 


3 (good) 


1191 


16% 


4 (very good) 


1447 


20% 


5 (excellent) 


1269 


17% 


PHYSICAL ACTIVITY (n = 10,051) 


Low 


2873 


29% 


Moderate 


4779 


48% 


High 


2399 


24% 


SMOKING (n = 10,163) 


Former 


1956 


19% 


Current 2888 28% 


Never 


5319 


52% 



The Temperate cluster (n = 1,075, 14.6%) comprised 
moderately active (IPAQ = 1322.71; moderate), never smo- 
kers and moderate drinkers (scoring 1-5). DASH diet 
scores were mainly healthy but there were no high scores. 
Individuals reported levels of energy vitality (67.5) and psy- 
chological distress (82.4) similar to the population average. 
The percentage of those who reported 'excellent' or 'very 
good' self-rated health (60%) was second highest amongst 
the clusters, and the percentage reporting 'good' or 'very 
good' quality of life, 92% was highest compared to the 
other clusters. Compared to the Healthy Lifestyle cluster, 
the Temperate included more men (Adjusted OR = 1.63), 
fewer people of the highest social class (Adjusted OR = 
.63) and more in the age groups 18-29 years (Adjusted 
OR = 1.73) and 30-44 years (Adjusted OR = 1.72). 



The Physically Inactive cluster (n = 1,310, 18%) 
reported the lowest levels of physical activity (IPAQ = 
1131.19; moderate). Over half (54%) were current smo- 
kers and 41% reported hazardous drinking patterns (scor- 
ing 6-12). The majority (76%) had poor DASH diet 
scores. Individuals reported levels of energy and vitality 
(66.7) below the general population average and higher 
levels of psychological distress (80.2), which were the 
highest of all the clusters. The percentage reporting 
'excellent or very good' self-rated health was 60% and 
'good' or 'very good' quality of life was 88%. Compared to 
the Healthy Lifestyle cluster, individuals in this cluster 
were more likely to be men (Adjusted OR = 2.39), far 
more likely to be aged 18 to 29 years (Adjusted OR = 
5.92) and far less likely to be in the highest social class 



Table 2 Crude and Adjusted odds ratios and 95% confidence intervals for risk associated with lifestyle cluster group membership. 



Variable Temperate Former smokers Mixed lifestyle Physically inactive Multiple risk factors 







Crude 




Adjusted 




Crude 




Adjusted 




Crude 




Adjusted 




Crude 




Adjusted 




Crude 




Adjusted 








OR 


95% 
CI 


OR 


95% 
CI 


OR 


95% 
CI 


OR 


95% 
CI 


OR 


95% 
CI 


OR 


95% 
CI 


OR 


95% 
CI 


OR 


95% 
CI 


OR 


95% 
CI 


OR 


95% 
CI 


Sex 


Female 


1 




1 




1 




1 




1 




1 




1 




1 




1 




1 






Male 


1 .50" 


1.20- 
1.87 


1 .68** 


1.32- 

2.12 


3.53** 


2.88- 
4.34 


3.63** 


2.92- 
4.51 


3.12** 


2.59- 
3.92 


3.85** 


3.07- 
4.82 


2.16** 


1.75- 
2.67 


2.39** 


1.91- 
3.01 


2.78 


2.25- 
3.43 


3.21** 


2.55- 
4.04 


Social class 


SC5-6 


I 




1 




1 




1 




1 




1 




1 




1 




1 




1 






SC3-4 


.82 


.63- 
1.05 


.69* 


.49- 
.97 


.99 


.77- 
1.27 


.66* 


.48- 
.90 


.64** 


.51- 
.82 


.60* 


.43- 
.82 


.72* 


.57- 
.93 


.47** 


.34- 
.64 


.80 


.63- 
1.03 


.47** 


.34- 
.64 




SC1-2 


.80 


.62- 
1.04 


.63* 


.47- 
.93 


1.05 


.81- 
1.34 


.71* 


.51- 
.97 


.45** 


.35- 
.58 


.41** 


.30- 
.57 


.58** 


.45- 
.75 


.38** 


.27- 
.53 


.49** 


.38- 
.63 


.29** 


.21- 
.40 


Age 


Over 65 


1 




1 




1 




1 




1 




1 




1 




1 




1 




1 






45-64 yrs 


1.14 


.88- 
1.48 


1.20 


.90- 
1.61 


.97 


.76- 
1.23 


1.00 


.77- 
1.31 


.65* 


.51- 
.84 


.70* 


.53- 
.92 


1 .70** 


1.30- 
2.24 


1 .77** 


1.30- 
2,-1 1 


1.55* 


1.17- 
2.05 


1.56* 


1.14- 
2.13 




30-44 yrs 


1.48* 


1.31- 
1.94 


1 .72** 


1.128- 
2.33 


1.05 


.82- 
1.34 


1.16 


.88- 
1.53 


.88 


.69- 
1.14 


1.10 


.82- 
1.46 


2.74** 


2.07- 
3.62 


3.33** 


2.44- 
4.56 


2.60** 


1.95- 
3.40 


3.22** 


2.35- 
4.41 




18-29 yrs 


1.64* 


1.15- 
2.34 


1.73* 


1.15- 
2.61 


.96 


.69- 
1.35 


1.28 


.87- 
1.88 


2.75** 


2.00- 
3.77 


3.33** 


2.30- 
4.80 


4.73** 


3.35- 
6.68 


5.92** 


3.98- 
8.79 


5.33** 


3.78- 
7.53 


7.38** 


4.98- 
10.94 


Psychological 
Distress 


MHI-5 
(RAND 
SF36) 


..83* 


.74- 
.93 


.87 


..76- 
1.01 


.89* 


.80- 
.97 


.97 


.84- 
1.11 


.78** 


.70- 
.87 


.78* 


.68- 
.90 


.72** 


.64- 
.80 


.76** 


.66- 
.87 


.64** 


.58- 
.71 


.77* 


.67- 
.89 


Energy and 
Vitality 


EVI (RAND 
SF36) 


.84* 


.74- 
.96 


.89 


.75- 
1.06 


.85* 


.75- 
.96 


.78* 


.66- 
.91 


.89 


.78- 
1.01 


.96 


.81- 
1.13 


.80** 


.70- 
.90 


.90 


.76- 
1.06 


.64** 


.56- 
.72 


.68** 


.58- 
.80 



Odds ratios are adjusted for all other variables in the model and the reference category is 'Healthy life style'. 
OVERALL ADJUSTED MODEL STATISTICS: z 2 (40) = 863.37***; Nagelkerke R 2 = .131; Cox and Snell R 2 = .128 
* = p < .05 level ** = p < .001 level 
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(Adjusted OR = .38). Individuals in this cluster were also 
far more likely to report higher psychological distress. 

The Multiple Risk Factor cluster (n = 1,248, 17%) 
reported moderate physical activity levels (IPAQ = 
1233.20; moderate). The majority were current smokers 
(98%). Drinking patterns were mixed with nearly 40% 
moderate drinkers (scoring 1-5) and over 40% problem 
drinkers (scoring 6-12). DASH diet scores were varied, 
with over half reporting the lowest diet score and no 
representation from this cluster in the highest score 
category. Compared to the other clusters, individuals 
reported the lowest levels of energy and vitality (63) and 
highest levels of psychological distress (78.2). This clus- 
ter had the lowest percentage reporting 'excellent' or 
'very good' self rated health (49%) and 'good' or 'very 
good' quality of life (84%). Scores on all the mental 
health and social well-being measures were below the 
general population average. 

Compared to the Healthy Lifestyle cluster, individuals 
in this cluster were far more likely to be men (Adjusted 
OR = 3.21) and in the age group 18 to 29 years (Adjusted 
OR = 7.38). They were far less likely to be in the highest 
social class (Adjusted OR = .29) and more likely to report 
higher psychological distress and lower energy and 
vitality. 

The Mixed Lifestyle cluster (n = 1472, 20%) were all 
never smokers who reported some physical activity 
(IPAQ = 1134.51; moderate). Over half reported poor 
diet. While over half (54%) were non-drinkers (scoring 
0), almost half (46%) were problem drinkers (scoring 6- 
12). Levels of energy and vitality (68) and psychological 
distress (81.6) were similar to population levels. Similarly, 
the percentage of individuals who reported 'excellent' or 
'very good' self-rated health (59%) or 'good' or 'very good' 
quality of life (89%) were similar to the general popula- 
tion proportions. Compared to the Healthy Lifestyle clus- 
ter, individuals in this cluster were far more likely to be 
men (Adjusted OR = 3.21) and in the age group 18 to 29 
years (Adjusted OR = 7.38). They were far less likely to 
be in the highest social class (Adjusted OR = .29) and 
more likely to report higher psychological distress and 
lower energy and vitality. 

Discussion 

The current study identifies discernible patterns of health 
related behaviours in the Irish population. Using SLAN 
2007 data, six clusters of health-related behaviours were 
identified: Former Smokers, Temperate, Physically Inac- 
tive, Healthy Lifestyle, Multiple Risk Factor, and Mixed 
Lifestyle. Former Smokers (21%) accounted for the largest 
percentage of the Irish population while the Healthy Life- 
style accounted for the smallest (9%). Similar to findings 
in the Dutch population, nearly 20% of the population had 
three unfavourable health-related behaviours [4] . Healthier 



clusters (Former Smokers, Temperate and Healthy Life- 
style) reported higher levels of energy vitality, lower levels 
of psychological distress, better self-rated health and better 
quality of life. In contrast, those in the Multiple Risk Fac- 
tor cluster had the lowest levels of energy and vitality and 
the highest psychological distress. Identification of these 
discernible patterns is important because of their relation- 
ship with mortality, morbidity and longevity [1,46]. 

The identification of clusters of health-related patterns 
in the Irish population is similar to the findings of other 
countries [7,8] . Health-related behaviours tend to cluster 
in specific patterns, which Poortinga (2006) argues might 
explain some of the various combinations of risk that 
have been found in other studies [6] . There were a simi- 
lar number of clusters (n = 6) identified in the Irish 
population and in other European populations [11]. 
There is evidence to suggest that the number of clusters 
may differ based on age group, with van Nieuwehuijzen 
(2009) finding two clusters for young adults (12-15 years) 
in the Dutch population and three clusters for older ado- 
lescents (16-18 years) and adults (19-40 years). 

Consistent with other countries, clustering at both ends 
of the spectrum was found, with people having all or 
none of the unhealthy health related behaviours. Indivi- 
duals were found to have multiple unhealthy behaviours, 
with those in the Multiple Risk Factor and Physically 
Inactive clusters having multiple unhealthy behaviours 
[4] . The coexistence of healthy and unhealthy behaviours 
in other countries [8] was also confirmed in this study. A 
positive relationship was found between physical activity 
levels and hazardous alcohol consumption and a negative 
relationship was found between physical activity and pro- 
pensity to smoke [7,8,14]. 

Contextualising our findings is challenging for a num- 
ber of reasons, in particular, a lack of available data from 
other countries [5]. Cross-country comparisons are also 
difficult because of the use of different health behaviour 
measures, cut-off points and categorisations [6,8]. 
Furthermore, studies which have previously reported 
clustering have investigated biological risk risks [47]. 
Identification of clusters of health-related behaviour pat- 
terns in national populations have been relatively limited, 
with the majority of studies to date focusing on specific 
population subgroups, including those aged 12-40 years 
[9] and older people [10]. 

To date, research on the association between health- 
related behaviours and mental self-rated health and qual- 
ity of life has been limited [11]. This study looked at the 
clusters in relation to mental health and well-being. As 
expected, individuals with healthier behaviour patterns 
[11] were more likely to report positive mental health 
and more positive perceptions of their health [12]. This 
study also found that a higher proportion of individuals 
who had healthy patterns reported better quality of life 
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than those in an unhealthy cluster. Therefore, it is argued 
that future intervention strategies to promote healthier 
health-related behaviour patterns should note the inter- 
connected nature of mental health and behaviour pat- 
terns. More research is needed to see if patterns of 
behaviours and the associated health outcomes change 
over time. 

The results show that there are specific groups of the 
population who are more likely to adopt an unhealthy 
health-related behaviour pattern. In contrast to other stu- 
dies, this study examined different age cohorts in the 
population. Those in the Healthy Lifestyle group were 
most likely to be women aged 65 years and over and least 
likely to be aged 18-29 years while those in the Multiple 
Risk Factor and Physically Inactive were most likely to be 
men aged 18-29 years. One fifth of those in the Physically 
Inactive cluster reported that they were inactive due to 
an injury/disability/ medical condition, while 40% cited a 
lack of time as the main reason. The most commonly 
cited reason amongst all of the clusters for being physi- 
cally inactive was a lack of time. This might explain why 
those aged 65 years and over were most likely to be in 
the Former Smokers cluster, with high physical activity 
levels. In contrast to other studies [8], clustering of 
unhealthy behaviours was more pronounced for men 
than women. 

As expected, the lower social classes accounted for a 
disproportionate share of those in the Physically Inactive 
cluster. Social classes 1-2 were the least likely of the 
social classes to fall into this cluster. Social classes 5-6 
were the most likely of the social classes to be in the 
Physically Inactive or Multiple Risk Factor clusters. In 
contrast, social classes 1-2 were the most likely to be in 
the Temperate or Health Lifestyle clusters. Consistent 
with other studies, women were more likely than men 
to have no risk factors. 

The findings of this study must be viewed in light of 
methodological considerations. First, only 7,350 responses 
of a potential 9,223 possible responses were eligible for 
inclusion in this study. Second, the data used in this study 
is self-reported, so social desirability in responses may be 
an issue. Third, the design of SLAN is cross-sectional, 
which means that the data only provides a snapshot of the 
patterns of health behaviours amongst the population. It 
also means that it not possible to establish whether a cau- 
sal relationship exists between lifestyle patterns and men- 
tal health, self-rated health or quality of life. 

Conclusions 

We conducted an examination of clusters, mental health 
outcomes, self-rated health or quality and life in a 
nationally representative population. We found that par- 
ticular health-related behaviour patterns are cumulative 



in specific population subgroups, and this raises ques- 
tions about health strategies. While a lack of data and 
different measurement of health behaviours makes com- 
parisons difficult, the identified clusters were similar to 
those identified for European counterparts. It is sug- 
gested that countries adopt similar methods of assessing 
health behaviours to permit further examination of the 
existence of particular health behaviour clusters. This is 
underway through the European Health Information 
Survey. Furthermore, research is needed to establish 
whether a multifaceted intervention approach targeting 
specific health behaviour clusters is more effective than 
the current single risk factor approaches. Preventative 
policies should take a holistic view of health which 
recognises the co-occurrence of health-related beha- 
viours, well-being and mental health. 

Additional material 



Additional file 1: Full regression results. This file contains detailed 
output of the multinomial regression analysis on the clusters. 



Acknowledgements 

The authors thank other SLAN 2007 Consortium members for their 
contribution to this research: Professor Ivan Perry (PI) (UCC), Professor 
Margaret Barry (PI) (NUIG), Dr. Dorothy Watson (PI) (ERSI), Professor Ronan 
Conroy (RCSI), Professor Ruairi Brugha (RCSI), Dr. Michal Molcho (NUIG) and 
Professor Richard Layte (ESRI), Ms Nuala Tully (RCSI), Ms Jennifer Lutomski 
(UCC) and Mr Eric Van Lente (NUIG). The SLAN 2007 protocol was approved 
by the Research Ethics Committee of the Royal College of Surgeons of 
Ireland. 
Funding 

SLAN was funded by the Irish Department of Health and Children 
Author details 

department of Psychology, Population Health Sciences, Royal College of 
Surgeons in Ireland, Dublin, Ireland. 2 School of Social Work & Social Policy, 
Trinity College Dublin, Ireland, department of Epidemiology & Public Health, 
University College Cork, Ireland. 

Authors' contributions 

All authors read and approved the final manuscript. MC was the lead author 
and undertook the statistical analysis. KM supervised the paper and gave 
advice on paper structure. PC advised on the research approach and 
statistical analysis. HM was SLAN Project Director and was the lead of the 
design team and delivery team for survey. She oversaw data analysis, write- 
up and interpretation of SLAN and provided editorial contribution to this 
paper. JH provided specialist advice on diet analysis. MW undertook 
composite variable construction. ES provided methodological advice and 
interpretation of findings. 

Authors' Information 

Mary Catherine Conry, Research Officer. Karen Morgan, Lecturer. Philip Curry, 
Lecturer. Mark Ward, Research Officer. Hannah McGee, Professor of 
Psychology. Janas Harrington, Researcher. Emer Shelley, Senior Lecturer 

Competing interests 

The authors declare that they have no competing interests. 

Received: 1 1 February 201 1 Accepted: 6 September 201 1 
Published: 6 September 201 1 



Conry et al. BMC Public Health 201 1, 1 1:692 
http://www.biomedcentral.com/1471-2458/11/692 



Page 9 of 10 



References 

1. Abdel-Qadir H, Lee D: The contribution of famial and heriatable risks in 

heart failure. Current Opinion Cardiology 2007, 22:214-219. 

2. Mokdad A, Mark J, Stroup D, Gerberding J: Actual causes of death in the 
United States. JAMA 2004, 291:1238-1245. 

3. Physical activity and health: A report of the Surgeon General. Atlanta: U. 
S. Dept. of Human & Health Services, Centers for Disease Control and 
Prevention, National Center for Chronic Disease Control and Health 
Promotion. Book Physical activity and health: A report of the Surgeon 
General. Atlanta: U.S. Dept. of Human & Health Services, Centers for Disease 
Control and Prevention, National Center for Chronic Disease Control and 
Health Promotion (Editor ed.Aeds.). City 1996. 

4. Schuit J, van Loon J, Tijhuis (VI, Ocke M: Clustering of lifestyle risk factors 
in a general adult population. Preventive Medicine 2002, 35:219-224. 

5. van der Wilk EA, Jansen J: Lifestyle-related risks: are trends in Europe 
converging? Public Health 2005, 119:55-66. 

6. Berrigan D, Dodd K, Troiano R, Krebs-Smith S, Barbash R: Patterns of health 
behaviour in U.S. adults. Preventive Medicine 2003, 36:615-623. 

7. Schneider S, Huy C, Schuessler M, Diehl K, Schwarz S: Optimising lifestyle 
interventions: identification of health behaviour patterns by cluster 
analysis in a German 50+ survey. European Journal of Public Health 2009, 
19:271-277. 

8. Poortinga W: The prevalence and clustering of four major lifestyle risk 
factors in an English adult population. Preventive Medicine 2007, 

44:124-128. 

9. Nieuwenhuijzen Mv, Junger M, Velderman MK, Wiefferink KH, 

Paulussen TWGM, Hox J, Reijneveld SA: Clustering of health-compromising 
behaviour and delinquency in adolescents and adults in the Dutch 
population. Preventive Medicine 2009, 48:572-278. 

10. Schneider S, Huy C, Schuessler M, Diehl K, Schwarz S: Optimising lifestyle 
interventions: identification of health behaviour patterns by cluster 
analysis in a German 50+ survey. European Journal of Public Health 2009, 
19:271-277. 

1 1. Verger P, Lions C, Ventelou B: Is depression associated with health risk- 
related behaviour clusters in adults? European Journal of Public Health 
2009, 19:618-624. 

12. Harrington J, Ivan P, Lutomski J, Fitzgerald A, Sheily F, McGee H, Barry M, 
Van Lente E, Morgan K, Shelly E: Living longer and feeling better: Health 
lifestyle, self rated health, obesity and depression in Ireland. European 
Journal of Public Health 2009, 20:91-95. 

13. Stringhini S, Sabia S, Shipley M, Brunner E, Nabi H, Kivimaki M, Manoux- 
Singh A: Assocation of Socioeconomic Position With health Behaviors 
and Mortality. Journal of American Medical Association 2010, 303:1 159-1 166. 

14. Kaczynski A, Manske S, Mannell R, Grewal K: Smoking and physical activity: 
a systematic review. American Journal Of Health Behavior 2008, 32:93-1 1 0. 

15. De Groot L, Verheijden M, De Henauw S, Schroll (VI, Van Staveren W: 
Lifestyle, nutritional status, health, and mortality in elderly people across 
Europe: a review of the longitudinal results of the SENECA study. The 
Journals Of Gerontology 2004, 59:1277-1284. 

16. Kay-Tee Khaw, Wareham N, Bingham S, Welch A, Luben R, Day N: 
Combined Impact of Health Behaviours and Mortality in Men and 
Women: The EPIC-Norfolk Prospective Population Study. PLoS Medicine 
2008, 5. 

17. Friel S, NicGabhainn S, Kelleher C: The National Lifestyle Surveys: Survey 
of Lifestyle, Attitudes and Nutrition (SLAN) and the Irish Health 
Behaviour in School-Aged Children (HBSC) Survey 1998. Dublin: 
Department of Health and Children: 1999. 

18. Morgan K, McGee H, Watson D, Perry I, Barry M, Shelley E, Harrington J, 
Molcho M, Layte R, Tully N, et al: SLAN 2007: Survey of Lifestyle,Attitudes 
& Nutrition in Ireland.Main Report. Dublin: Health Promotion Unit, 
Department of Health and Children. 2008. 

19. Kelleher C, Nic Gabhalnn S, Friel S, Corrigan H, Nolan G, Sixsmith J, Walsh O, 
Cooke M: Book The National Health and Lifestyle Surveys: Survey of 
Lifestyle, Attitudes and Nutrition (SLAN 2002) and The Irish Health 
Behaviour in School-Aged Children (HBSC). Department of Health and 
Children Dublin: The Stationary Office (Editor ed.Aeds.). City: 2003. 

20. Harrington J, Perry I, Lutomski J, Morgan K, (VlcGee H, Shelley E, Watson D, 
Barry M: SLAN 2007: Survey of Lifestyle, Attitiudes and Nutrition in 
Ireland. Dietary Habits of the Irish Population. Department of Health and 
Children Dublin: The Stationary Office: 2008. 



21. Guidelines for Data Processing and Analysis of the International Physical 
Activity Questionnaire (IPAQ), Long and Short Forms. 2005. 

22. IPAQ: Guidelines for Data Processing and Analysis of the International 
Physical Activity Questionnaire (IPAQ)-Short and Long Forms.[http:// 

www.ipaq.ki.se], Revised Novemeber 2005. 

23. Craig CL, Marshall A, Sjostrom M, Bauman A, Booth ML, Ainsworth BE, 
Pratt M, Ekelund U, Ynvge A, Sallis JF, Oja P: International Physical Activity 
Questionnaire: 12-Country Reliability and Validity. Med Sci Sports Exerc 
2003, 35:1381-1395. 

24. Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA: The AUDIT alcohol 
consumption questions (AUDIT-C): An effective brief screening test for 
problem drinking. Ambulatory Care Quality Improvement Project 
(ACQUIP), Alcohol Use Disorders Identification Test'. Archives of internal 
Medicine 1998, 158:1789-1795. 

25. Nordqvist C, Johansson K, Bendtsen P: Routine screening for risky alcohol 
consumption at an emergency department using the AUDIT-C 
questionnaire. Drug and Alcohol Dependence 2004, 74:71-75. 

26. Rodriguez-Martos A, Santamarina E: 'Does the short form of the Alcohol 
Use Disorders Identification Test (AUDIT-C) work at a trauma emergency 
department?'. Substance Use & Misuse 2007, 42:923-932. 

27. Dawson DA, Grant BF, Stinson FS, Zhou Y: 'Effectiveness of the Derived 
Alcohol Use Disorders Identification Test (AUDIT-C) in screening for 
alcohol use disorders and risk drinking in the US general population'. 
Alcoholism: Clinical and Experimental Research 2005, 29:844-854. 

28. Dawson D, Grant B, Stinson F: The AUDIT-C: Screening for alcohol use 
disorders and risk drinking in the presence of other psychiatric 
disorders. Comprehensive Psychiatry 2005, 46:405-416. 

29. Morgan K, McGee H, Dicker P, Brugha R, Ward M, Shelley E, Van Lente E, 
Harrington J, Watson D: SLAN 2007: Survey of Lifestyle, Attitudes and 
Nutrition in Ireland. Alcohol use in Ireland: A profile of drinking patterns 
and alcohol-related harm from SLAN 2007, Department of Health and 
Children. Dublin: The Stationery Office: 2009. 

30. Rosta J: Hazardous alcohol use among hospital doctors in Germany', 
Alcohol and Alcoholism. 2008, 43. 

31. Newcastle U: Screening Tools for alcohol-related risk. How much is too 
much? Newcastle upon Tyne, UK: Institute of Health and Society, 
Newcastle University. Book Screening Tools for alcohol-related risk How 
much is too much? Newcastle upon Tyne, UK: Institute of Health and 
Society, Newcastle University. (Editor ed. A eds.): 2006 [http7/www.ncl.acuk/ 
ihs/assets/pdfs/hmitm/screeningtools.pdfj, (accessed September 2009) 
edition. City. 

32. Fung T, Chiuve S, McCullough M, Rexrode M, Logroscino G, Hu F: 
Adherence to a DASH-style diet and risk of coronary heart disease and 
stroke in women. Arch Intern Med 2008, 168:713-720. 

33. Abu-Omar K, Rutten A, Robine JM: Self-rated health and physical activity 
in the European Union. Social and Preventative Medicine 2004, 49:235-242. 

34. Bailis DS, Segall A, Chipperfleld JG: Two views of self-rated general health 
status. Social Science & Medicine 2003, 56:203-217. 

35. Parkes K: Physical Activity and Self-Rated Health:lnteractive Effects of 
Activity in Work and Leisure Domains. British Journal of Health Psychology 
2006, 11:533-550. 

36. WHO-QOL (1998) The World Health Organization Quality of Life 
Assessment (WHO-QOL): Development and general psychometric 
properties'. Social Science & Medicine 46:1 569-1 585. 

37. Ware J, Snow K, Kosiniski M, Gandek B: SF-36 Health Survey: Manual and 
Interpretation Guide, The Health Institute. Boston:New England Medical 
Center: 1993. 

38. Kovess V, Beaudet M: Concepts and measurement of positive mental 
health. Psychiatria Tennica 2001, 32:14-34. 

39. Lavikainen J, Fryers T, Lehtinen V: Improving mental health information in 
Europe. Proposal of the MINDFUL project. Helsinki: STAKES: 2006. 

40. Bljl RV, Ravelli A: 'Current and residual funcional disability associated with 
psychopathology; Findings from the Netherlands Mental Health Survey 
and Incidence Study (NEMESIS)'. Psychological Medicine 2000, 30:657-668. 

41. McDowell I, Newell C: Measuring Health: A guide to rating scales and 
questionnaires. New York: Oxford University Press: 1996. 

42. Babyak MA: Rescaling continuous predictors in regression models. In 
Statistical Tips from the Editors of Psychosomatic Medicine 2009 [http:// 
stattips.blogspot.com/2009/08/rescaling-continuous-predictors-in.html], 
Retrieved August 15, 2011. 



Conry et al. BMC Public Health 201 1, 1 1:692 
http://www.biomedcentral.com/1471-2458/11/692 



Page 10 of 10 



43. Banfield J, Raftery A: Model-based Gaussian and non-Gaussian clustering. 
Biometrics 1993, 49:803-821. 

44. Melia M, Heckerman D: An experimental comparison of several clustering 
and initialization methods. Microsoft Research Technical Report MSR-TR- 
98-06. 1998. 

45. Reedy J, Wirfa'lt E, Flood A, (vlitrou P, Krebs-Smith S, Kipnis V, Midthune D, 
Leitzmann M, Hollenbeck A, Schatzkin A, Subar A: Comparing 3 Dietary 
Pattern Methods-Cluster Analysis, Factor Analysis, and Index Analysis- 
With Colorectal Cancer Risk The NIH-AARP Diet and Health Study. 
American Journal of Epidemiology 2010, 171:479-487. 

46. Khaw Kay-Tee, Wareham N, Bingham S, Welch A, Luben R, Day N: 
Combined Impact of Health Behaviours and Mortality in Men and 
Women: The EPIC-Norfolk Prospective Population Study. PLoS Medicine 
2008, 5. 

47. Zubair Kabir KB, Shelley Emer, Unal Belgin, Critchley Julia, John Feely SC: 
Life-years-gained from population risk factor changes and modern 
cardiology treatments in Ireland. European Journal of Public Health 2006, 
17:193-198. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1471-2458/l 1/692/prepub 



doi:1 0.1 186/1471-2458-1 1-692 

Cite this article as: Conry et al: The clustering of health behaviours in 
Ireland and their relationship with mental health, self-rated health and 
quality of life. BMC Public Health 201 1 1 1:692. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at (~\ RioM _-| rpntr ,i 

www.biomedcentral.com/submit \ J BHMWea central 



